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Produced crude oil from oil reservoirs contains enormous amounts of
asphaltenes, resins, naphthenic acids and solid particles leading to the
formation of stable salty water in oil emulsion. This can seriously
disrupt the refinery process if the dispersed salty water phase is not
separated from the crude oil. In this study, a wetted crude oil was
dehydrated based on the increased weight of the dispersed droplets
using the micron-sized oleic-acid-covered magnetite particles. This
method does not necessarily require applying the magnetic field for
the demulsification nor uses a surface-active additive. The magnetic
responsivity of the demulsifier can exclusively be utilized to recover
the demulsifier. The effect of eight factors including rest time,
temperature, pH, mixing time, magnetic wettability, mixing rate,
salinity and the demulsifier dosage were evaluated on water removal
efficiency. The results revealed that all of the mentioned factors were
important; however, rest time, pH and temperature were more
important. This method has a high dehydration rate and great
potential applications for commercial and industrial use.
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EXTENDED ABSTRACT

Introduction

Produced crude oil from oil reservoirs contains enormous amounts of asphaltenes,
resins, naphthenic acids and solid particles leading to the formation of stable salty water
in oil emulsion. This can seriously disrupt the refinery process if the dispersed salty water
phase is not separated from the crude oil. Unfortunately, the prevalent method of the
electrochemical desalting process is not capable of separating the suspended droplets
within a high salt-content crude oil even in two stages. Therefore, numerous separation
methods such as chemical and electrochemical demulsification, centrifugal deposition
techniques, ultrasonic treatment, microwave irradiation desalination and more recently,
magnetic dehydration have been proposed. Among these methods, the magnetic
demulsification technique has been recently considered a promising technique. This
method has the unique advantage of demulsifier recyclability and is therefore
environmentally friendly.

Methodology

Materials

The micron-sized hydrophilic magnetite powder (Figure 1) was obtained from Kimia
Mavad Co., Iran, with round-shape particles, 298% purity and an average size of 220 nm
(Figure 2). The oleic acid, 298% purity, was purchased from the local market. The NaCl,
299.5% purity, was obtained from Merck Co. (Germany). The crude oil with the properties
given in Table 1 was obtained from the Sarvestan oil field, an oil field in southern Iran.
Distilled water was utilized throughout.

Emulsion preparation
A w/o emulsion was produced by mixing 120 mL of crude oil with 30 mL of deionized

water. By adding 0 - 0.038 g Na(l, the water salinity was adjusted. In addition, its pH was
setat 4 - 10 by adding the HCL and NH4OH solutions. The mixing was carried out using a
laboratory mechanical stirrer (Mtops, MS-280D) at a speed of 2500 rpm for 30 min. The
dispersed water droplets had an 11.51 um Sauter mean diameter (Figure 3). The produced
emulsion had relatively good stability with no breaking for a week.

Desalination process

In a 50 ml vial, a specific amount of magnetic particles was added to 30 ml of the
prepared emulsion. Then, they were mixed by a mechanical stirrer at a speed of 500-1500
rpm in a temperature range of 25-60 degrees Celsius for 200-30 seconds. When mixing was
stopped, the clusters/flocs settled out within minutes and separated from the crude oil.
Furthermore, the mixture was kept in a water bath at a constant temperature for 1 or 3 h,
until the suspended lightweight magnetic agglomerates had a chance to re-settle by gravity.
This period of time was called rest time. At each of these times, 5 mL of the dehydrated crude
oil was withdrawn from the vial and poured into a 15 mL centrifugal graduated test tube.

456



Journal of National University of Skills Autmn 2024, Vol. 21, No. 3, p. 455-476

The samples were mixed with 5 ml of toluene and placed in a shaker equipped with a
constant temperature water bath for 10 minutes at 60°C. The tubes were finally centrifuged
at 5500 rpm for 10 minutes. Unseparated water droplets and suspended magnetic
clumps/clusters were collected at the bottom of the centrifuge tubes. Finally, the water
removal efficiency was calculated using Equation 1.

Water removal efficiency (%) = (vi - ve)/ vi x 100 (Equation 1)

where vi and ve are the initial volume of water dispersed in 5 ml of the original emulsion
(i.e. 1 ml) and the volume of unseparated water, i.e. water collected in the centrifugal tube,
respectively.

Results and discussion

The effects of eight independent factors including rest time, temperature, pH, salt
content, magnetic wettability, mixing time, mixing rate, and magnetite dosage were taken
into account using a two-level fractional factorial design to investigate their effects upon the
co-sedimentation demulsification of water in crude oil emulsion. Based on the designed
experiments, the observed and predicted values of the separation efficiency and magnetite
residue are shown in Table 3.

Conclusion

A new demulsification method was utilized to dehydrate crude oil. This method is based
on increasing the weight of dispersed droplets using micron-sized magnetite particles. This
method does not necessarily demand the application of the magnetic field for the
demulsification nor uses a surface-active additive. However, the magnetic responsibility of
the magnetite particles provides an opportunity for recycling. The effects of the eight factors
including mixing time, rest time, temperature, mixing speed, pH, salinity, wettability, and
magnetite dosage were evaluated using the fractional factorial design by Design-Expert
version 7.1.5 on the water removal efficiency and the magnetite residue within the
dehydrated crude oil phase. The results showed that all of the main effects were important,
and the order of the five more significant factors for the water removal were rest time > pH
> temperature > mixing time x rest time > mixing time. On the other hand, this order for
magnetite residue was mixing time x MW/DWW > rest time > pH > temperature > mixing
speed. According to the findings, whenever the magnetite residue decreased within the
dehydrated oil phase, the water residue also decreased. The higher values of mixing time,
mixing speed, temperature and rest time resulted in increasing the water removal. Overall,
this method with a dehydration rate close to 100% is highly efficient and has great potential
applications for commercial and industrial use.
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